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(54) Substrate for liquid crystal display and method of manufacturing the same 



(57) A matrix substrate (1 ) comprises a pixel region 
(250) formed by arranging a plurality of pixel electrodes 
(12) to a matrix, drive circuit regions (260) for feeding 
said pixel electrodes (12) with electric signals and seal- 
ing regions (270). The gaps separating the pixel elec- 
trodes (12) are filled with insulation members of an in- 



sulating material (9) to provide a continuous surface 
connecting those of the pixel electrodes (12) and mem- 
bers (12') of the material of the pixel electrodes and 
those of the material (9) of the insulation members are 
arranged at least either in the drive circuit regions (26) 
or in the sealing regions (270) to provide a continuous 
surface there. 
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Descnptkn* 

BACKGROUND,OF, THE INVENTION-. . 

Field of the Invention 

This invention relates to a matrix substrate, to a liq- 
uid crystal apparatus connprising such a matrix sub- 
strate tor displaying pictures and characters and also to 
a display apparatus comprising such a liquid crystal ap- 
paratus. It also relates to a method of manufacturing 
such a matrix substrate and such a liquid crystal appa- 
ratus. 

Related Background Art 

The current world has entered a so-called multime- 
dia age and devices and equipment for exchanging pic- 
torial information for communication purposes are play- 
ing an ever-increaslngly important role in the world. In 
this tide, liquid crystal apparatus are attracting attention 
because they can be realized in a thin and portable form 
and consume only little power so that the industry of 
manufacturing such devices has grown as one of the 
major industries that is comparable with the semicon- 
ductor industry. 

Liquid crystal apparatus are at present popularly 
used for so-called notebook size personal computers 
having a size as short as ten inches. Additionally, liquid 
crystal is expected to play a major role in displays of 
electronic work stations and home television sets that 
typically comprise a large display screen. However, a 
large display screen involves high manufacturing cost 
and is required to meet rigorous electric requirements 
for driving the large screen. As a rule of thumb, the man- 
ufacturing cost of a liquid crystal display panel is said to 
be proportional to the square or cube of the size of the 
screen. 

Thus, as an alternative, a projection system de- 
signed to use a small liquid crystal panel and enlarge 
the image formed on it has been proposed. Such a sys- 
tem is made feasible mainly due to the recent develop- 
ment of finely sized semiconductor devices that operate 
excellently and can be manufactured at low cost. In view 
of the recent technological development, there is an in- 
creasing demand for small TFTs provided with a satis- 
factory drive power to be used in liquid crystal display 
panels comprising TFTs that use thin film transistors as 
switching devices for pixel electrodes. Additionally, 
TFTs using polycrystalline Si rather then amorphous Si 
are getting popularity. Video signals for the level of res- 
olution meeting the NTSC standards that are used for 
the NTSC television system do not require high speed 
processing capabilities. 

Therefore, not only TFTs but also components of 
peripheral circuits including shift registers and decoders 
may be made of polycrystalline Si to produce a liquid 
crystal display apparatus wherein a display region and 



peripheral drive circuits are integraily tormed. Howevei; 
potycrystailine Si rs tess pertormmg than monocrysta*- 
llne Si so that shift registers, tor example, may have to 
be divided into a plurality of groups that are installed 

5 separately in order to realize a television set with a level 
of resolution higher than the level required by the NTSC 
standards or a computer display with the so-called XGA 
(extended graphics array) or SXGA (super extended 
graphics array) class of resolution. Then, noise can ap- 

10 pear as ghost along the boundaries of the separated de- 
vices in the display region to provide a problem to be 
solved. 

In an attempt to bypass this problem, display appa- 
ratus comprising a monocrystalline Si substrate having 
15 a high drive potential have been proposed to replace 
display apparatus of the above described integral type 
using polycrystalline Si. Since the drive potential of the 
transistors of the peripheral drive circuits of such display 
apparatus is satisfactory, the above described tech- 
no nique of dividing devices is not necessary here. Conse- 
quently, the S/N ratio of the lines connecting the display 
apparatus and the peripheral drive circuits has a large 
value and hence the noise problem can be successfully 
avoided. 

Regardless of polycrystalline or monocrystalline Si, 
a reflection type liquid crystal apparatus comprising re- 
flection type liquid crystal devices can be prepared by 
connecting the drain of the switching device of each pix- 
el and the reflection electrode and arranging liquid crys- 

30 tal between the reflection electrode and a transparent 
common electrode. 

A reflection type liquid crystal apparatus is adapted 
to display an image by means of rays of light reflected 
by the pixel electrodes of the apparatus so that it can 

35 effectively utilize light if compared with a transmission 
type liquid crystal apparatus that has to suppress light 
entering the semiconductor layer of switching devices 
while showing a large aperture to shield ratio. 

On the other hand, the reflection type liquid crystal 

40 apparatus is required to have the pixel electrodes show 
a large reflectivity, which represents a requirement from 
which the transmission type liquid crystal apparatus is 
exempted. Japanese Patent Application Laid-Open No. 
8-179377 (JPA 8-179377) is directed to this problem 

45 and proposes a technique for polishing pixel electrodes 
and passivation film for a liquid crystal apparatus by 
means of chemical mechanical polishing (CMP). The 
proposed technique will be summarized here by refer- 
ring to Figs. 27A and 27B of the accompanying draw- 

50 ings. 

Referring to Fig. 27 A, passivation film 201 1 and pix- 
el electrodes 2009 are polished by means of a polishing 
agent containing an etchant adapted to etch both the 
passivation film 2011 and the pixel electrodes 2009 until 
55 the pixel electrodes 2009 and the passivation film 2011 
become flush with each other and mirror shine. Then, 
since the pixel electrodes 2009 and the passivation film 
2011 are flush with each other, an orientation film can 
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be formed drrectty on the pwel electrodes 2009 and an 
evenly distributed etectrk: ti td can be applied to the liq- 
uid crystal due to the ftatand smooth surtace ot the pixet 
electrodes 2009. The above cited JPA 8-179377 docu- 
ment points out that the surface of a liquid crystal panel 
polished by CIWIP can become droopy in peripheral ar- 
eas and proposes the use of dummy pixels arranged 
between the drive circuit and the display pixel area of 
the liquid crystal apparatus. This will be summarily de- 
scribed below by referring to Figs. 28A through 28D of 
the accompanying drawings. 

Referring firstly to Fig. 28A showing a reflection type 
active matrix display panel, it comprises a substrate 
2001, a display pixel area 2017 and signal scan/drive 
circuits 2018 arranged in the peripheral area ot the dis- 
play panel to show steps on the panel surface because 
of the difference in the height (thickness) between the 
display pixel area 201 7 and the signal scan/drive circuits 
2018. When the passivation film (oxide film) 2011 cov- 
ering the stepped sections is polished by means of a 
polishing agent containing etchant for etching the oxide 
film, then the film can become droopy in peripheral ar- 
eas surrounding the display pixel area 2017 as shown 
in Fig. 28B 

In order to prevent such droopy film, dummy pixels 
201 9 are arranged between the display pixel area 201 7 
and the signal scan/drive circuits 2018 to surround the 
display pixel area 2017 as illustrated in Fig. 28C. With 
this arrangement, while the oxide film may droop down 
to some extent from the step separating the display pixel 
area 2017 and the signal scan/drive circuits 2018, It is 
held substantially flat within the display pixel area 2017 
as illustrated In Fig. 28D. 

Meanwhile, the applicant of the present patent ap- 
plication proposed a method of manufacturing a display 
apparatus by using CMP In Japanese Patent Applica- 
tion No. 8-178711 . 

According to the above identified patent document, 
there is provided a method of manufacturing a display 
apparatus comprising an active matrix substrate on 
which each pixel electrode Is provided with a switching 
transistor, an electrode substrate disposed opposite to 
the active matrix substrate and liquid crystal held be- 
tween the substrates, wherein said method comprises 
a process of forming pixel electrodes that includes a 
chemical mechanical polishing step. 

The above Identified patent application also propos- 
es a method of manufacturing a display apparatus, 
wherein an insulation layer Is patterned to produce 
grooves therein and then a layer of the material of pixel 
electrodes is formed by deposition both in the grooves 
and on the Insulation layer so that a continuous plane 
surface is produced on both the Insulation layer and the 
layer of the material of pixel electrodes when the layer 
of the material of pixel electrodes is polished by CMP. 
With this technique, the gaps separating the pixel elec- 
trodes are satisfactorily filled with the insulation layer to 
eliminate any undulations on the surface that can give 



rise to rrregutar reflection and defective orientation arrd 
make it possible to display high quality images. 

A major difference between the invention of Japa- 
nese Patent Application Laid-Open No. 8-179377 (JPA 
5 08-179377) as described earlier and that of Japanese 
Patent Application No. 8-178711 filed by the applicant 
of the present patent application b that a passivation 
film 201 1 is formed after forming a layer of the material 
of pixel electrodes 2009 and then they are polished by 
CMP according to JPA 08-179377, whereas an insula- 
tion layer is patterned to produce grooves therein and 
then a layer of the material of pixel electrodes is formed 
by deposition both In the grooves and on the Insulation 
layer so that a continuous plane surface Is produced on 
f5 both the Insulation layer and the layer of the material of 
pixel electrodes when the layer of the material of pixel 
electrodes is polished by CMP according to Application 
NO: 8-178711. While JPA 8-179377 proposes dummy 
pixels to be formed between the pixel area and the drive 
20 circuits, it cannol eliminate a droopy surface on the pe- 
ripheral areas. 

On the other hand, while Application No. 8-178711 
provides an excellent technique comprising a step of 
patterning an insulation layer to produce a matrix of 
25 grooves for depositing the material of pixel electrodes 
therein. It has been found that it is difficult to uniformly 
produce grooves for forming pixel electrodes without 
giving due consideration to resist to be applied to the 
pixel d\sp}ay region and the remaining peripheral areas 
30 and the pitch and the depth of the grooves. 

This will be described by referring to Figs. 26A and 
26B of the accompanying drawings. 

Fig. 26A illustrates a stage of manufacturing a dis- 
play apparatus according to Application No. 8-178711 , 
35 where there have been formed on a substrate 201 an 
Insulation layer 211 by deposition and grooves 280 for 
forming pixel electrodes In said Insulation layer 211 after 
forming a semiconductor layer (not shown) to be used 
for pixel switching devices and drive circuit sections 260 
^0 for driving the switching devices and now the material 
of pixel electrodes 213 is deposited both in the grooves 
280 and on the insulation layer 211 . In Fig. 26A, refer- 
ence numerals 250 and 270 respectively denote a pixel 
display region and a sealing region for sealing the liquid 
45 crystal material by using the active matrix substrate and 
the opposite substrate (not shown). Referring to Fig. 
27A, while typically several to tens of several microme- 
ters wide grooves 280 have to be regularly formed for 
pixel electrodes in the pixel display region 250, grooves 
50 do not have to be regularly formed on the drive circuit 
regions 260 and the sealing regions 270 so that the re- 
sist arrangement may differ between the pixel display 
region 250 and the remaining areas including the drive 
circuit regions 260 and the sealing regions 270. In other 
55 words, the grooves 280 may show different and uneven 
depths as illustrated In Fig. 26A unless due considera- 
tion Is paid to resist to be applied to the pixel display 
region and the remaining peripheral areas and the pitch 
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and the depth of the grocves. Fi^ 26B shows the sur- 
face condition after a CMP operation and it will be found 
that the display region 250 and the remaining areas in- 
eluding the drive circuit regksns 260 and the seating re- 
gions 270 show difference in the thickness of the insu- 
lation layer 211. 

SUMMARY OF THE INVENTION 

In view of the above identified problem, it is there- 
fore an object of the present invention to provide a matrix 
substrate that does not show any difference in the thick- 
ness between the pixel display region and the remaining 
areas including the drive circuit regions and the sealing 
regions. 

Another object of the invention is to provide a liquid 
crystal apparatus that can display bright and high quality 
images that are free from blurs and color breakups. 

Still another object of the invention is to provide a 
method of manufacturing a matrix substrate as de- 
scribed above and a liquid crystal apparatus comprising 
such a matrix substrate. 

A further object of the present invention is to provide 
a matrix substrate comprising a pixel region formed by 
arranging a plurality of pixel electrodes to a matrix, drive 
circuit regions for feeding the pixel electrodes with elec- 
tric signals and sealing regions, characterized in that the 
gaps separating the pixel electrodes are filled with insu- 
lation members of an insulating material to provide a 
continuous surface connecting those of the pixel elec- 
trodes and members of the material of the pixel elec- 
trodes and those of the material of the insulation mem- 
bers are arranged at least either in the drive circuit re- 
gions or in the sealing regions to provide a continuous 
surface there. 

A still further object of the present invention is to 
provide a liquid crystal apparatus comprising a matrix 
substrate including a pixel region formed by arranging 
a plurality of pixel electrodes to a matrix, drive circuit 
regions for feeding the pixel electrodes with electric sig- 
nals and sealing regions, an opposite substrate dis- 
posed vis-a-vis the pixel region and a liquid crystal ma- 
terial held between the pixel region and the opposite 
substrate, characterized in that the gaps separating the 
pixel electrodes are filled with insulation members of an 
insulating material to provide a continuous surface con- 
necting those of the pixel electrodes and members of 
the material of the pixel electrodes and those of the ma- 
terial of the insulation members are arranged at least 
either in the drive circuit regions or in the sealing regions 
to provide a continuous surface there. 

A still further object of the present invention is to 
provide a method of manufacturing a matrix substrate 
comprising a pixel region formed by arranging a plurality 
of pixel electrodes to a matrix, drive circuit regions for 
feeding the pixel electrodes with electric signals and 
sealing regions, characterized by comprising steps of 
forming a semiconductor device region to be connected 



with the pbcet etectrcxte andlhedrhre ctrcuit regkxison 
a substrate for forming a matrix substrate and subse- 
quently forming an insulation layer on the semiconduc- 
tor device region, the drive circuit regions and the re-* 

s gions for forming sealing regbns, producing by pattern- 
ing grooves for forming pixel electrodes in the insulation 
layer on the pixel region and those to be filled with the 
material of the pixel electrodes at least either in the in- 
sulation layer on the drive circuit regions or on the seal- 

10 ing regions, depositing the material of the pixel elec- 
trodes in the grooves of two different types, and polish- 
ing the surface of the deposit of the material of the pixel 
electrodes until the insulation layer and the material of 
the pixel electrode provide a continuous plane surface. 

A still further object of the present invention is to 
provide a method of manufacturing a liquid crystal ap- 
paratus comprising a matrix substrate including a pixel 
region formed by arranging a plurality of pixel electrodes 
to a matrix, drive circuit regions for feeding the pixel 

20 electrodes with electric signals and sealing regions, an 
opposite substrate disposed vis-a-vis the pixel region 
and a liquid crystal material held between the pixel re- 
gion and the opposite substrate, characterized by com- 
prising steps of forming a semiconductor device region 

25 to be connected with the pixel electrodes and the drive 
circuit regions on a substrate for forming a matrix sub- 
strate and subsequently forming an insulation layer on 
the semiconductor device region, the drive circuit re- 
gions and the regions for forming sealing regions, pro- 

30 ducing by patterning grooves for forming pixel elec- 
trodes in the insulation layer on the pixel region and 
those to be filled with the material of the pixel electrodes 
at least either in the insulation layer on the drive circuit 
regions or on the sealing regions, depositing the mate- 

55 rial of the pixel electrodes in the grooves of two different 
types, and polishing the surface of the deposit of the 
material of the pixel electrodes until the insulation layer 
and the material of the pixel electrode provide a contin- 
uous plane surface. 

40 Since the members of the material of the pixel elec- 
trodes and those of an insulating material are formed at 
least either in the drive circuit regions or in the sealing 
regions of a liquid crystal apparatus to form a continuous 
surface according to the invention, a surface planeness 

45 is secured not only in the pixel region but also at least 
In some of the peripheral areas to consequently improve 
the planeness of the pixel region itself. Thus, a liquid 
crystal apparatus according to the invention can display 
bright and high quality images that are free from blurs 

50 and color breakups. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross sectional view of a matrix 
55 substrate prior to a CMP operation. 

Fig. 2 is a schematic cross sectional view of a matrix 
substrate after a CMP operation. 

Fig. 3 is a schematic cross sectional view of a liquid 
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crysta\ apparatus according to the inventiOT and pre- 
pared by meaas of CMR 

Fig. 4 is a schematic circuit diagram ol a liquid crys- 
tal apparatus according to the invention. 

Fig. 5 is a schematic block diagram of a liquid crystal 
apparatus according to the invention. 

Fig. 6 is a circuit diagram of the input sectbn of a 
liquid crystal apparatus according to the invention, in- 
cluding a delay circuit. 

Fig. 7 rs a schematic plan view of the liquid crystal 
panel of a liquid crystal apparatus according to the in- 
vention. 

Figs. 8A and 8B are graphs tor determining the ac- 
ceptability and non-acceptability of an etching operation 
to be used for manufacturing a liquid crystal apparatus 
according to the invention. 

Fig. 9 is a schematic illustration of a liquid crystal 
projector comprising a liquid crystal apparatus accord- 
ing to the invention. 

Fig. 10 is a schematic block diagram of the circuits 
arranged within a liquid crystal projector comprising a 
liquid crystal apparatus according to the invention. 

Figs. 11A, 11B, 11C, 11D. 11E, 11F. 11G and 11H 
are schematic cross sectional views of a liquid crystal 
apparatus, showing different manufacturing steps of a 
method of manufacturing a liquid crystal apparatus ac- 
cording to the invention, using CMR 

Figs. 12A, 12B and 12C are schematic illustrations 
showing a projection type display apparatus according 
to the invention. 

Figs. 13A, 138 and 13C are graphs showing the 
spectral reflection characteristics of the diehroic mirrors 
that can be used in a projection type display apparatus 
according to the invention. 

Fig. 14 is a schematic illustration of the color sepa- 
ration/illumination section of a projection type display 
apparatus according to the invention. 

Fig. 1 5 is a schematic cross sectional view of a liq- 
uid crystal panel according to the invention. 

Figs. 16A. 168 and 16C are illustrations showing 
the underlying principle of color separation and color 
synthesis for a liquid crystal panel according to the in- 
vention. 

Fig. 17 is an enlarged schematic partial plan view 
of a liquid crystal panel according to the invention. 

Fig. 18 is a schematic illustration of the projection 
optical system of a projection type display apparatus ac- 
cording to the Invenlion. 

Fig. 19 is a schematic block diagram of the drive 
circuit system of a projection type display apparatus ac- 
cording to the invention. 

Fig. 20 is an enlarged schematic partial plan view 
of an imago projected on the display screen of a projec- 
tion type display apparatus according to the invention. 

Fig. 21 is an enlarged schematic partial plan view 
of a liquid crystal panel according to the invention. 

Fig. 22 is a schematic cross sectional view of a liq- 
uid crystal panel according to the invention. 



Figs. 23A and 23B are an enlarged schematic par- 
tial plan view and an enlarged schematic cross sectional 
side view ol a liquid crystal panel according to the in- 
vention. 

5 Fig. 24 is an enlarged schematic partial cross sec- 
tional side view ot a known transmission type liquid crys- 
tal panel comprising micro lenses. 

Fig. 25 is an enlarged schematic partial view ot a 
projected image obtained by a known projection type 

10 display apparatus realized by using a transmission type 
liquid crystal panel comprising micro lenses. 

Figs. 26A and 268 are schematic cross sectional 
views of a liquid crystal apparatus according to a pre- 
ceding patent application filed by the applicant of the 

15 present patent application and illustrating different man- 
ufacturing steps. 

Figs. 27A and 278 are schematic partial cross sec- 
tional views ot a known liquid crystal apparatus, illustrat- 
ing different manufacturing steps. 

20 Figs. 28A, 288, 28C and 28D are schematic cross 
sectional views of another known liquid crystal appara- 
tus, illustrating different manufacturing steps. 

DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

Now, a matrix substrate according to the present in- 
vention will by described in detail by referring to Figs. 1 
and 2. Fig. 1 schematically illustrates a step of manu- 

30 facturing a matrix substrate where an insulation layer 9 
is formed on a substrate for forming a matrix substrate 
and grooves 280 are produced in the insulation layer 9 
by patterning, in which the material of pixel electrodes 
is deposited. Referring to Fig. 1 , note that the insulation 

35 layer 9 is formed after forming a semiconductor device 
region (not shown) where pixel switching devices are 
produced and drive circuits 260 for feeding the produced 
pixel switching devices with electric signals and that 
grooves are formed in the insulation layer 9 on the pixel 

"to display region 250, the drive circu it regions 260 and the 
sealing regions 270 (to be used for sealing the liquid 
crystal material held between an opposite substrate (not 
shown) and the pixel display region 250 of the matrix 
substrate) and are titled with the material of the pixel 

45 electrodes. It will be appreciated that, since grooves are 
regularly formed on the pixel display region 250, the 
drive circuit regions 260 and the sealing regions 270 so 
that the arrangement of resist does not differ between 
the pixel display region 250 and the remaining regions 

50 and the grooves in the insulation layer shows a uniform 
depth and a uniform width throughout the pixel display 
region and the remaining regions, tt will also'be appre- 
ciated that the material of the electrodes is deposited 
not only in the grooves 280 but also on the insulation 

55 layer 9 outside the grooves 280. Fig. 2 shows how the 
substrate of Fig. 1 appear when it is polished by CMP 
(chemical mechanical polishing). It will be seen from Fig. 
2 that pixel electrodes 12 are arranged in the grooves 
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formed in the pixel di^^lay region 250, whereas merrT- 
bers 12* (which are Inoperative lectrodes typtcaHy be- 
cause they are. not electricaUy. property, connected^ of 
the materfat of the pbcel electrodes are arranged m the 
grooves fornned in the drive circuit regions 260 and the 
sealing regions 270. While the CMP technique will be 
described hereinafter, it should be noted there that the 
grooves 280 regularly arranged in the display region 
250, the drive circuit regions 260 and the sealing regions 
270 are filled with the material of the pixel electrodes 
and the material is polished by CMP (more specifically, 
after polishing the material of the pixel electrodes de- 
posited on the insulation layer 9 outside the grooves 
280, the material of the pixel electrodes filled in the 
grooves 280 and the insulation members arranged be- 
tween the grooves are polished simultaneously) so that 
the pixel electrodes 12. the members 12' made of the 
material of the pixel electrodes and the insulation mem- 
bers (formed by the insulation layer 9) arranged side by 
side with the members 12 and 12' of the material of the 
pixel electrode provide a continuous and plane surface 
that is as smooth as mirror. 

Thus, a liquid crystal apparatus comprising such a 
matrix substrate according to the invention can display 
high quality images improved in brightness and color 
uniformity. 

As described above, members 1 2' made of the ma- 
terial of the pixel electrodes are arranged both in the 
drive circuit regions 260 and the sealing regions 270 in 
such a way that they provide a continuous surface with 
the neighboring insulation members. While this repre- 
sents the most preferable and hence most effective 
mode of realizing the present invention, members 12' of 
the material of the pixel electrodes may alternatively be 
arranged either in the drive circuit regions 260 or the 
sealing regions 270 in such a way that they provide a 
continuous surface with the neighboring insulation 
members. 

Preferably materials that can be used for the pixel 
electrodes of a matrix substrate according to the inven- 
tion are those that can be polished without difficulty and 
provide a smooth surface having a high reflectivity. They 
include Al, AtSi, AlSiCu, AIGeCu and AlC that are com- 
monly used for wiring as well as Ti, Ta, W, Cr, Au, Ag 
and compounds of any of these metals. 

For the purpose of the present invention, the insu- 
lation layer in which grooves for disposing the material 
of the pixel electrodes are formed may be a film made 
of silicon oxide or any other insulation film or interlayer 
insulation film that are normally used in the technologi- 
cal field of semiconductors. Specific examples include 
Si02 film, silicon oxide film formed by plasma CVD. sil- 
icon oxide film formed by thermal CVD, silicon oxide film 
formed CVD using ozone-TEOS (tetraetoxy-silane) as 
raw material, PSG (phosphosilcate glass) film, NSG 
(nondope silicate glass) film and BPSG (boro-phospho- 
silicate glass) film. SIN film and Ta205 film may also be 
used for the insulation layer. 



10 

Now a ' technique preferably used for forming- 
grooves to be filled with the materiat of the pix i elec- 
trodes tn the insulation layer on the pixel display region, 
the drive circuit regions and the sealing regions by pat- 

5 terning will be described. 

As described earlier, if the material of the pixel elec- 
trodes is formed only on the pixel display region and not 
on the drive circuit regions nor the sealing regions, the 
arrangement of resist shows difference between the pix- 

10 el display region and the drive circuit and sealing regions 
so that the irregularity of the resist arrangement ad- 
versely affect the patterning operation. An oxide film 
type etching system such as a parallel plate plasma 
etching system involving the use of CF4/CHF3 gas is 

15 typically used when oxide film is used for the insulation 
layer. 

Generally speaking, etching systems of this type 
are used tor etching out small apertures occupying sev- 
eral to tens of several percents of the entire surface ar- 

20 ea, although 60 to 80% of the entire surface area of the 
insulation layer has to be etched to form apertures on a 
matrix substrate according to the invention because the 
material of the pixel electrodes has to be buried in areas 
other than the pixel display region. 

25 While the reaction mechanism of an oxide film type 
etching system using CF4/CHF3 gas involves an emu- 
lative progress of etching and polymer deposition that 
is produced by resist, an insufficient supply of etchant 
can significantly affect the etching performance of the 

30 system particularly when large apertures have to be 
formed by etching as in the case of the present inven- 
tion. 

In view of this problem, the etching conditions of an 
oxide ftim type (CF4/CHF3 type) etching operation were 

35 studied in an experiment conducted by the inventors of 
the present invention. Figs. 8A and 8B are graphs show- 
ing some of the results of the experiment. Fig. 8A illus- 
trates the effect of an etching process using a total in- 
chamber pressure of 1 .7 Torr, whereas Fig. SB shows 

40 that of an etching process using a total in-chamber pres- 
sure of 1 .0 Torr, which is designed for the purpose of the 
invention. 

It will be seen from Fig. 8A that, while the polymer 
deposit is reduced by reducing the concentration of eas- 

45 jiy depositable CHF3 gas under the total pressure of 1 .7 
Torr, the discrepancies (loading effect) in the etching 
rate between etched areas located close to the resist 
coat and areas located remote from the resist coat re- 
markably increase to make the process unfeasible. 

50 On the other hand, as a result of a series of exper- 
iments where the pressure in the etching chamber is 
gradually reduced during the etching process, the inven- 
tors of the present invention discovered that the loading 
effect can be significantly suppressed when the pres- 

55 sure falls below 1 .0 Torr and a remarkable etching effect 
can be achieved when the partial pressure of the easily 
depositable CHF3 is reduced to nearly zero so that the 
etching process is conducted almost exclusively with 
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CF4. 

In other words, as se n from Fig: 8B, th loading 
effect can be significantty. suppressed wfien tfie pres- 
sure is reduced to below 1 .0 Torr and a remarkabte etch- 
ing effect can be achieved to suppress deposition of pol- s 
ymers by using only CF4, eliminating the use of CHF3. 
Additionally, with the arrangement of forming pixel elec- 
trodes 12 only in the pixel display region, it was found 
that grooves are formed by etching only in the insulation 
layer of the display region so that practically no resist io 
exists in the pixel display regions, whereas the periph- 
eral areas are practically occupied by resist. Then, it is 
practically impossible to realize a stable etching per- 
formance because of a noticeable loading effect if the 
above conditions are met. To the contrary, with the ar- 1^ 
rangement of forming grooves not only in the pixel dis- 
play region but also in the drive circuit regions and the 
sealing regions according to the invention, the loading 
effect can be remarkably suppressed to provide a stable 
etching performance. 20 

A chemical mechanical polishing (CMP) technique 
that can be used for the purpose of the present invention 
utilizes both the chemical etchi-ng effect that can be ob- 
tained by the chemical components contained in the pol- 
ishing agent with the mechanical polishing effect that the ^5 
polishing agent can provide per se. For example, with a 
chemical mechanical polishing technique, the reaction 
product of the chemical components contained in the 
polishing agent with the material of the surface to be 
polished are mechanically removed by means of the pol- 30 
ishing agent and a polishing rag. In a CMP process, the 
object to be polished is rigidly fitted to a revolvable pol- 
ishing head and the surface of the object to be polished 
is pressed against a revolving platen (polishing surface 
plate). The platen carries a pad (polishing rage) on the 35 
surface and the object is polished by the slurry (polishing 
agent) soaked in the pad. 

Various CMP apparatus are currently available and 
a CMP apparatus of any appropriate type may be used 
for the purpose of the invention. 40 

CMP apparatus that can be used for the purpose of 
the invention include A\/ANTI472 (trade name: available 
from IPEC/PLANAR), CMP-II (trade name: available 
from Speedfam), EPO-113, EPO-114 (trade names: 
available from Ebara Corporation), Ml RRA (trade name: 45 
available from APPLIED MATERIALS) and 6DS-SP 
(Trade name: available from STRASBAUGH). 

Slurry products that can be used for the purpose of 
the invention include MSW-1000, XJFW-8048H, XJFW- 
8097B, XJFW- 8099 (trade names: available from so 
Rodel), SEMI-SPERSE W-A355, SEMI-SPERSE FE-10 
(trade names: available from Cabot), PLANERLITE- 
5101, PLANERLITE-RD-93034. PLANERLITE-5102, 
PLANERLITE-RD-93035, PLANERLITE-51 03. PLAN- 
ERLlTE-RD-93036 (trade names: available from FUJI- ss 
Ml), KLEBOSOL-20H12, KLEBOSOL-30H25, KLE- 
BOSOL-30H50 KLEBOSOL-30N1 2, KLEBOSOL- 
30N25 and KLEBOSOL-30N50 (trade names: available 
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from ST!). 

Polishing rag products that can be used for the pur- 
pose ol the invention include IC-1000, lC-1400. lC-60, 
IC-Sa IC-50, IC-45, IC-40, Suba400, Suba400H; Suba 
500, Suba 600. Suba 800. MH S15A, MH S24A. MH 
C14A, MH C14B, MH C15A, MH C26A, MH N15A, MH 
N24A, Supreme RN-H, Supreme RN-R, Whitex W-H, 
\Whrtex W-S. UR-100. XHGM-1t58 and XHGM-1767 
(trade names: available from Rodel), Surfin XXX-5, 
Surfin 100, Surfin 2608, Surfin 000, Surfin 194, Surfin 
191, Surfin 192, Surfin 2-X, Surfin 018-3, Surfin 018-0, 
Surfin 018. Surfin 200. Surfin 026, Surfin 024, Politex, 
Politex DG, Politex Supreme and Unicorfam (trade 
names: available from FUJIMI), SBL135, SBD1014, 
6ZP09, RP3010P5, 008785, GQ9810, GQ9805, 
GQ981 3, GQ1 070, GQ1 1 1 0 and GQ1 300 (trade names: 
available from Teijin), 1000, 1000R, 1200, 1200R, 1300, 
1400, 2000, 2010, 2020, 4100, 4300, 4400, 4500, 4600, 
4800, 4900, 5100 and 5400 (trade names: available 
from NAPCON). 

Now a process of manufacturing an active matrix 
substrate and a liquid crystal apparatus comprising such 
an active matrix substrate by CMP will be described by 
referring to Figs. 11 A through 11 H, which show cross 
sectional views of the pixel region of an active matrix 
substrate in different manufacturing steps but does not 
show the drive circuit regions and the sealing regions. 
Note that drive circuit regions are formed simultaneous- 
ly with semiconductor devices that operate as switching 
devices. 

An n-type silicon semiconductor substrate 201 with 
an impurity concentration level not exceeding lO'^cm-^ 
is partially oxidized by heat to produce LOCOS 202. 
Then, boron ions are implanted to a dose of about 
10^2cm-2 using the LOCOS 202 as masks to produce 
PWLs 203 which are p-type impurity regions with an im- 
purity concentration level of about 10^®cm"^. Then, the 
substrate 201 is oxidized again by heat to produce a 
gate oxide film 204 having a film thickness not exceed- 
ing .1,000 angstroms (Fig. 11 A). 

After forming gate electrodes 205 of n-type polysil- 
icon that is doped with phosphor to a concentration level 
of lO^Ocm'^, phosphor ions are implanted into the entire 
substrate 201 to a dose of about lO^^cm'^ to produce 
NLDs 206 which are n-type impurity regions with an im- 
purity concentration level of about lO^^cm-^. Subse- 
quently phosphor ions are implanted to a dose of about 
10"'^cm'2, using a photoresist pattern as mask to pro- 
duce source/drain regions 207, 207' with an impurity 
concentration level of about lO^^cm'^ (Fig. 11 B). 

Then, PSG 208 is formed on the entire surface of 
the substrate 201 as interlayer film. 

Contact holes are bored through the PSG 208 at 
positions right above the respective source/drain re- 
gions 207, 207* and an Al film is formed by evaporation 
by means of a sputtering technique. The Al film is then 
patterned to produce Al electrodes 209 (Fig 11C) Pref- 
erably a barrier metal layer typically made of Ti/TiN is 
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formed between the M electrodes 209 ami the source/ 
drain regions 207. 207* m order to tmprcve the ohmic 
contact characteristic of the Al electrodes 209 aiKl the 
source/drain regions 207, 207'. 

Then, a film of plasma SiN 21 0 and that of PSG 211 5 
are sequentially formed on the entire surface of the sub- 
strate 201 to respective thicknesses of about 3,000 ang- 
stroms and 10,000 angstroms (Fig. 11D). 

Thereafter, the PSG 211 is patterned to remain only 
in pixel isolating areas by using the plasma SiN layer io 
210 as dry etching stopper layer and then through holes 
212 are patterned by dry etching right above the respec- 
tive Al electrodes 209 that are held in contact with the 
respective drain regions 207'. 

Then, pixel electrodes 213 typically made of Al are ^5 
formed on the substrate 201 to a thickness greater than 
10,000 angstroms by sputtering or EB (electron beam) 
evaporation (Fig. 11 F). 

Then, the surface of the pixel electrodes 21 3 is pol- 
ished by CMP (Fig. 11 G). With this polishing operation, 20 
the surface of the members (not shown) of the material 
of the pixel electrodes buries in the drive circuit regions 
and the sealing regions is also polished. 

More specifically, after polishing the members 213 
of the material of the pixel electrodes formed beyond the 2S 
pixel isolating areas of PSG 211 that are insulator mem- 
bers and operate as stoppers, the surface of the mem- 
bers of the material of the pixel electrodes and that of 
the insulator members 211 are polished until a continu- 
ous plane surface is produced 30 

In an experiment. CMP apparatus EPO-114 (trade 
name: available from Ebara Corporation) and polishing 
rag SUPREME RN-H (D51) (trade name: available from 
Rodel) were used with slurry PLANERLITE 5102 (trade 
name: available from FUJIMI). 3S 

Then, an orientation film 215 is formed on the sur- 
face of the active matrix substrate and the surface of the 
film is processed for orientation typically by means of 
rubbing. Then, the active matrix substrate and an oppo- 
site substrate are bonded together with spacers (not 40 
shown) interposed therebetween and liquid crystal 214 
is poured into the gap between the two substrates to 
produce a liquid crystal apparatus (Fig. 11 H). Note that, 
in the illustrated apparatus, the opposite substrate is 
prepared by arranging color filters 221, a black matrix ^5 
222, a common electrode 223 typically made of ITO and 
an orientation film 215 on a transparent substrate 220. 

Now, the process of driving a reflection type liquid 
crystal apparatus according to the invention and having 
the above described configuration will be briefly de- 50 
scribed. A signal voltage is applied to the source regions 
207 by means of the peripheral drive circuits such as 
shift registers arranged on the substrate 201 and, at the 
same time, a gate voltage is applied to the gate elec- 
trodes 205 to turn on the switching transistors of the pix- 55 
els and feed the drain regions 207' with a signal charge. 
The signal charge is stored in the capacitance of the pn 
junction depletion layer formed between the drain re- 
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gions^ 207^and the PV^ttJs 203 to apptfst voftage to the 
pixel electrodes 213 by way of the re^ective Al elec- 
trodes 209. When the electric potential of the pixel elec- 
trodes 213 gets to an intended level, the voltage being 
applied to the gate electrodes 205 is removed to turn off 
the pixel switching transistors. Since the signal charge 
is stored in the pn junction capacitance as described 
above, the electric potential of the pixel electrodes 213 
is held unchanged until the pixel switching transistors 
are driven for another time. The secured electric poten- 
tial of the pixel electrodes 213 drive the liquid crystal 214 
sealed in the gap between the substrate 201 and the 
opposite substrate 220 as shown in Fig. 11H. 

As clearly seen from Fig. 11 H, the above described 
active matrix substrate comprises pixel electrodes 213 
having a smooth surface and the gaps separating the 
pixel electrodes are filled with an insulation layer Addi- 
tionally, since the members of the material of the pixel 
electrodes arranged in the drive circuit regions and the 
sealing regions (not shown) and insulation layer filling 
the gaps among the members are also made to show a 
plane surface, the liquid crystal apparatus can display 
high quality images as it is free from the problem of re- 
duced efficiency of light utilization due to scattered inci- 
dent light attributable to an undulated surface, poor con- 
trast due to defective rubbing and appearance of emis- 
sion lines due to a transversal electric field generated 
by the steps between pixel electrodes. 

Now, the present invention w/ill be described by way 
of embodiments, although the present invention is by no 
means limited thereto and the embodiments may be 
modified and/or used in combination whenever appro- 
priate. 

While these embodiments comprise semiconductor 
substrates, the present invention is not limited-tothe use 
of semiconductor substrates and ordinary transparent 
substrates (glass substrates) may alternatively be used 
for the matrix substrate. Additionally, while MOSFETs 
and TFTs are used for liquid crystal panels in the follow- 
ing description, two-terminal type devices such as di- 
odes may alternatively be used. Embodiments of liquid 
crystal panels as described hereinafter may find appli- 
cations including home television sets, projectors, head 
mount displays, 3-D image video game machines, lap- 
top computers, electronic notebooks, teleconferencing 
systems, car navigation systems and instrument panels 
of airplanes. 

[Embodiment 1] 

Fig. 3 is a schematic cross sectional view of a typical 
liquid crystal panel according to the invention. 

Referring to Fig. 3, there are shown a semiconduc- 
tor substrate 1 and p-type and n-type wells 2 and 2' 
along with source regions 3, 3', gates 4 and drain re- 
gions 5, 5' of transistors. 

As seen from Fig. 3, since a high voltage between 
20 and 35V is applied to the transistors of the display 
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region, the source/drain layer s not seK-arigned with but 
offset from the gate etectrode and tow concentration n* 
and p* layers 3* and 5' are arranged therebetween. The 
offset is preferably between 0 5 and 2-OMm. Meanwhile, 
part of the peripheral circuits is shown in Fig. 3. It will be s 
seen that the gate is self-aligned with the source/drain 
layer in that part. The gate is aligned with the source/ 
drain layer in part of the peripheral circuits because it 
comprises logic type circuits that may be driven only by 

I. 5 to 5V so that an aligned arrangement is desirable io 
for using down-sized transistors and improving the ef- 
fect of driving transistors. While the offset of the source/ 
drain layer is described by referring to specific values, 
they may be modified and the gate length may be opti- 
mized to adapt itself to the withstand voltage. 75 

The substrate 1 is made of a p-type semiconductor 
material and shows the lowest potential (normally the 
ground potential). A voltage to be applied to the pixels 
which is between 20 and 35V is also applied to the n- 
lype well in the display region, whereas a logic drive voll- 
age between 1 .5 and 5V is applied to the logic section 
of the peripheral circuits. With this arrangement, the de- 
vice can operate optimally for the voltages so that not 
only the chip size may be reduced but the pixels may 
be driven at high speed to display high quality images. 2S 

Otherwise, there are shown in Fig. 3 a field oxide 
film 6, an insulation layer 8' of PSG, NSG or BPSG, 
source electrodes 10 connected to respective data lines 
and drain electrodes 11 connected to respective pixel 
electrodes along with pixel electrodes 12 that also op- 30 
erate as reflectors. Reference symbol 1 2' denotes mem- 
bers of the material of the pixel electrodes formed in the 
drive circuit regions and the sealing regions. Reference 
numeral 7 denotes a light shielding layer covering the 
display region and the peripheral areas, which layer is 35 
preferably made of Ti, TIN, W or Mo and produced not 
only in the display region but also in the peripheral areas 
in a same step by vacuum evaporation or sputtering and 
patterning. Since the light shielding layer 7 covers sub- 
stantially the entire surface of the chip, it can effectively 40, 
block incident light to prevent operation errors on the 
part of the transistors due to leaks of light. As seen from 
Fig. 3, the light shielding layer 7 in the display region 
covers substantially the entire surface of the display re- 
gion including the transistors but except the areas con- 45 
necting the pixel electrodes 12 and the drain electrodes 

II, whereas it is partly removed in the peripheral areas 
in regions where the line capacitance cannot preferably 
be large such as part of the video lines and the clock 
lines in an ingenious way so that high speed signals may 50 
be transferred without problem. If illumination light can 

get into the inside through areas where the light shield- 
ing layer 7 is removed to give rise to operational failures 
on the part of the circuits, those areas are to be covered 
by an electrode layer 12' arranged at the level of the 55 
pixel electrodes 12. 

Reference numeral 8 denotes an insulation layer ar- 
ranged under the light shielding layer 7 and comprising 



a P-SO layer 18 (a StO (ayer fomrted by ptesma CVD) 
that is smoothed by means of SOG and ar>orher P-SiO 
or P-SiN layer as layer 8 covering it in order to ensure 
the insulation effect of the tayer 8. 

Reference numeral 9 denotes an insulatk>n layer 
formed between the reflection electrode 12 and the light 
shielding layer 7 of each pixel and between the reflection 
electrodes 12 so that the charge holding capacitance 
between the pixel electrodes 12 and the shielding layer 
7 is formed by way of this insulation layer The insulation 
tayer 9 is preferably be formed to a thickness of 500 to 
20,000 angstroms on the light shielding layer 7 that is 
typically made of Ti, TiN, Mo or W. Note that a light 
shielding tayer 7 is also formed in the peripheral areas 
from Ti, TiN, Mo or W in the step where its counterpart 
is formed in the display region 19. Also note that the 
insulation layer 9 is formed both in the peripheral areas 
and in the display region in a same step and so are the 
reflection electrodes 12. 

Otherwise, there are shown a liquid crystal material 
14, a common transparent electrode 1 5 opposing reflec- 
tion electrodes 12, a transparent opposite substrate 16, 
highly concentrated impurity regions 17, and 17' and an 
anti-reflection film 20. 

Reference numeral 1 3 in Fig. 3 denotes an anti-re- 
flection film arranged between the common transparent 
electrode 15 and the opposite substrate 16 in order to 
reduce the interface reflectivity in view of the refractivity 
of the liquid crystal arranged there. The insulation film 
preferably has a refractivity lower than that of the oppo- 
site substrate 16 and also that of the transparent elec- 
trode-IS. 

As seen from Fig. 3, the highly concentrated impu- 
rity layers 17 and 17' have the type same as that of the 
wells 2 and 2' formed under the transistors and formed 
in and around the wells. With this arrangement, high 
quality images can be displayed if a high amplitude sig- 
nal is applied to the source because the potential of the 
wells 2 and 2' is securely held to a desired level due to 
the provision of a low resistance layer Additionally, the 
provision of the highly concentrated impurity layers 17 
and 1 7' between the n-type wells 2' and the p-type wells 
2 with a field oxide film interposed therebetween makes 
it unnecessary to arrange a channel stop layer that is 
normally placed directly under the field oxide film for or- 
dinary MOS transistors. 

Since the highly concentrated impurity layers 17, 
17' can be formed during the process of preparing the 
source/drain regions, the number of masks and that of 
processing steps for forming the layers can be reduced 
to lower the overall manufacturing cost. 

Fig. 4 is a schematic circuit diagram of a liquid crys- 
tal display apparatus having a configuration as de- 
scribed above. Referring to Fig. 4, there are shown a 
horizontal shift register (HSR) 21 , a vertical shift register 
(VSR) 22, n-channel MOSFETs 23, p-channel MOS- 
FETs 24, hold capacitances 25, a liquid crystal layer 26, 
signal transfer switches 27, reset switches 28, a reset 



BNSDOCID: <EP 0837355A2_I_> 



9 



17 

putse input Xewninai 29. a reset power suppty terminal 
30 and a video srgnal input tenmrial 3t. Reference nu- 
meral 19 denotes adispiay. region. 

The hold capacitances 25 are those for hoWingre^^^ 
spective signals between the pixel electrodes 1 2 and the 
common transparent electrode 15. The potential ot the 
substrate is applied to the well regions 2. The transmis- 
sion gates of the rows are so configured that the n-chan- 
nel MOSFETs 23 are located above the respective p- 
channel MOSFETs 24 on the first row whereas the p- 
channel MOSFETs 24 are inversely located above the 
respective n-channel MOSFETs 23 on the second row; 
i.e. disposed alternately. It should be noted that not only 
the stripe-shaped wells are held in contact with the pow- 
er supply line in the periphery of the display region but 
there are provided tine power supply lines in the display 
region for ensuring a contact with the stripe-shaped 
wells. 

It should be noted here that the stability of the re- 
sistance of the wells is very important for the operation 
of the display apparatus. Therefore, in this example, the 
contact area or the number of contacts of the n -wells 
within the display region is made greater than its coun- 
terpart of the p-wells. Since the p-wetis are held to a 
constant potential on the p4ype substrate, the substrate 
plays an important role as a low resistance body. Thus, 
while the performance of the n-wells arranged like is- 
lands may be fluctuated seriously by input and output 
signals of the sources and drains, such fluctuations are 
prevented by increasing the number of contacts with the 
upper wiring layer to ensure high quality images to be 
displayed on the screen of the liquid crystal panel. 

Video signals (including ordinary video signals and 
pulse-modulated digital signals) are applied to the video 
signal input terminal 31 to turn on and off the signal 
transfer switches 27, which output them to the data lines 
according to the pulse from the horizontal shift register. 
The vertical shift register 22 applies a high pulse to the 
gates of the n-channel MOSFETs 23 of the selected row 
and a low pulse to the gates of the p-channel MOSFETs 
24 of that row. 

As described above, the switches of the pixel sec- 
tion are constituted by monocrystalline CMOS transmis- 
sion gates that have an advantage that the signal to be 
written on the pixel electrodes does not rely on the 
threshold value of the MOSFETs so that source signals 
can be written without restrictions. 

Additionally, since the switches are formed by 
monocrystalline transistors, they do not show any insta- 
bility of operation on the boundary areas of the crystal 
grains of polysilicon TFTs (poty-Si TFTs) to realize a re- 
liable and stable high speed drive operation. 

Now, the peripheral circuits of the display panel will 
be described by referring to Fig. 5. Fig. 5 is a schematic 
block diagram of the peripheral circuits. In Fig. 5, there 
are shown a display area 37, a level shifter circuit 32, 
video signal sampling switches 33, horizontal shift reg- 
ister (HSR) 34, a video signal input terminal 35 and a 



vertical sNft regist^ (VSR) 36. 

\Afi!h the above circuit arrangement, the logkr cir- 
cuits including the horizontal and vertical shift registers 
can be driven with a low voltage of 1.5 to 5V to realize 

5 a quick and low voltage operation regardless of the vid- 
eo signal amplitude. Both the horizcxita} and vertical shitt 
registers (HSR, VSR) can be scannedin opposite direc- 
tions by means of a selection switch so that the panel 
does not need any alterations to make itself adapted to 

10 the positional arrangement of the optical system and 
hence to different products to a great advantage of the 
panel particularly in terms of the manufacturing cost ot 
such products. While the video signal sampling switches 
33 in Fig. 5 comprise unipolar transistors, they may al- 
ternatively comprise different devices to write an input 
video signal to all the signal lines by means of CMOS 
transmission gates. 

When CMOS transmission gates are used, their op- 
eration may be fluctuated by video signals depending 

20 on the area of the NMOS gates and that of the PMOS 
gates as well as on the difference between the overlap 
capacitance of the gates and that of the source/drain 
regions. However, this problem can be prevented and a 
video signal can be written on the signal lines by con- 

25 necting the sources and the drains of MOSFETs having 
a gate length equal to a half of that ot the MOSFETs ot 
the sampling switches 33 of the corresponding polarities 
to the respective signal lines and applying a pulse with 
the opposite phase. With this arrangement, images of 

30 higher quality can be displayed on the screen of the dis- 
play panel. 

Now. a method for accurately synchronizing a video 
signal and a sampling pulse will be described by refer- 
ring to Fig. 6. To achieve this objective, the delay amount 

35 of the sampling pulse have to be varied. Referring to 
Fig. 6, there are shown pulse delaying inverters 42, 
switches 43 for selecting one of the pulse delaying in- 
verters, output terminals 44 for an output with a control- 
led delay amount (OUT B representing an opposite 

40 phase output and OUT representing an in-phase out- 
put), capacitances 45 and a protection circuit 46. 

By a combined use of any of SEL1 (SEL1B: SEL1B 
being an inverted signal of SEL1) through SEL3 
(SEL3B: SEL3B being an inverted signal of SEL3), a 

45 sampling pulse can be made to pass through a selected 
number of delaying inverters 42. 

Due to the synchronous circuit built in the display 
panel, if the symmetry of an external ly applied pulse is 
damaged for some reason attributable to jigs in terms 

50 of delay amount for the three panels of red, green and 
blue of the display panel, the symmetry can be recov- 
ered by means of said selection switches to display clear 
images that are free from color breakups of red, blue 
and green due to phase shifts of the pulse in a high f re- 

55 quency band. Alternatively, the delay amount can be 
regulated by means of temperature correction using the 
temperature measured by a built-in diode and a stored 
reference table. 
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Now, th liquid crystal panel of hqurd crysta \ display 
apparatus according to th invention will be described 
in terms of the components and the liquid crystal sub- 
stance. The opposite substrate 16 shown in Fig. 3 is flat, 
but it is made to show undulations in order to prevent 
reflections at the interface with the common transparent 
electrode 15 arranged on a surface of the opposite sub* 
strate 16. The opposite substrate 16 is provided on the 
opposite surface thereof with an anti-reflection film 20. 
These components may be made to show undulated 
profiles by polishing them with fine sands in order to im- 
prove the contrast of the displayed images. 

Polymer network liquid crystal PNLC is used for the 
liquid crystal of this panel, although polymer dispersion 
liquid crystal PDLC may alternatively be used as poly- 
mer network liquid crystal. Polymer network liquid crys- 
tal PNLC can be produced by means of a polymerization 
phase separation technique, where a solution of liquid 
crystal and a polymeric monomer or oligomer is pre- 
pared and injected into a cell with a known technique 
and then the liquid crystal and the polymer are phase- 
separated by means of UV polymerization to form a pol- 
ymer network in the liquid crystal. PNLC contains liquid 
crystal to a large extent (70 to 90wt%). 

Scattering of light can be increased in PNLC when 
nematic liquid crystal having a highly anisotropic refrac- 
tivity (An) is used for it. A low voltage drive is made pos- 
sible by the use of nematic liquid crystal having a die- 
lectrically highly anisotropic property (Ae). Scattering of 
light can be made strong enough for achieving a sharp 
contrast for the display of images when the size of the 
polymer network expressed in terms of the distance be- 
tween the centers of adjacent meshes is between 1 and 
1.5(|im). 

Now, the relationship between the sealing arrange- 
ment and the configuration of the panel will be described 
by referring to Fig. 7. In Fig. 7, there are shown a sealing 
member 51 , an electrode pad unit 52, a clock buffer cir- 
cuit 53 and an amplifier 54, which amplifier operates as 
an output buffer to be used for an electric test of the pan- 
el. Otherwise, there are also shown an Ag paste sec- 
tions 55 that show an electric potential same as that of 
the opposite substrate, a display section 56 and a pe- 
ripheral circuit section 57 typically compnsing SR (shift 
registers) and other devices. As seen from Fig. 7, cir- 
cuits are arranged both inside and outside of the seal in 
order to reduce the overall chip size. While all the pads 
that are arranged on a lateral side of the panel, they may 
alternatively be arranged on the top or bottom side o't 
the panel or on two or more than two sides of the panel 
for handling a high speed clock efficiently. 

When preparingan liquid crystal apparatus by using 
an Si substrate, the electric potential of the substrate 
can fluctuate to give rise to operational failures of the 
panel if a strong beam of light emitted from a projector 
strikes one or more than one lateral walls of the sub- 
strate. Therefore, it is highly desirable that the periph- 
eral circuit sections at the top and the lateral sides of 



the panel are realized in the fonn of substrate holders 
that can shield tight. Additionally, th Si substrate is pref- 
erably provided on the rear sudace thereof with a plate 
of a metal having a high thermal conductivity such as 
5 Cu that is adhered to the substrate by means of an ad- 
hesive agent also having a high thermal conductivity the 
metal plate operating as a holder 

Now, an optical system that can be used in a reflec- 
tion type liquid crystal panel according to the invention 
10 will be deschbed by referring to Fig. 9. In Fig. 9, there 
are shown a light source 71 such as a halogen lamp, a 
focusing lens 72 for producing a focused image of the 
light source, convex Fresnel lenses 73 and 75 having a 
plane surface and a color separation optical device 74 
15 which is preferably a dichroic mirror or a diffraction grat- 
ing. 

The optical system further comprises a mirror 76 for 
leading the separated red, green and blue beams of light 
to respective R, G and B panels, a view tens 77 for illu- 
minating the panel with parallel rays of light obtained by 
collimating focused beams, a reflection type liquid crys- 
tal apparatus 78 and an iris (not shown) located at po- 
sition 79. Reference numeral 80 denotes a projection 
lens and reference numeral 81 denotes a screen typi- 
cally or a double-layered structure comprising a Fresnel 
lens for collimating projected light and a lenticular lens 
for expanding the viewing angle vertically and horizon- 
tally. While only a single panel cf single color is shown 
in Fig. 9 for simplicity, a total of three panels of three 
primary colors are actually provided, although it may be 
appreciated that a single panel arrangement may feasi- 
bly be used in place of the three panels when a micro 
lens array is formed on the surface of the reflection panel 
to cause different incident rays of light to strike respec- 
tive pixel regions. As a voltage is applied to the liquid 
cnystal layer of the liquid crystal apparatus 78, incident 
light is regularly reflected by the pixels and then passes 
the iris located at position 79 before it is projected onto 
the screen. 

On the other hand, incident light striking the reflec- 
tion type liquid crystal apparatus 78 when no voltage is 
being applied to the liquid crystal layer and the latter is 
in a scattered state will be isotropically scattered and 
hence no light will strike the injection lens 80 except 
scattered rays of light that are directed toward the aper- 
ture of the iris located at position 79 so that consequently 
the display screen remains evenly dark. As will be ap- 
preciated from the above description of the optical sys- 
tem, since no polarizing panel is required for it and the 
signal light is reflected by the entire surface of the pixel 
electrode having a high reflectivity before it strikes the 
projection lens, the display panel can provide a degree 
of brightness that is twice to three times higher than that 
of any known comparable display panel. The noise com- 
ponent of light is minimized and a high contract display 
capability is provided since anti-reflection measure is 
taken on the surface of the opposite substrate and the 
interface thereof in this example. Additionally, all the op- 



2S 



30 



35 



40 



45 



SO 



BNSDOCID: <EP 0837355A2_L> 



11 



I 



2t EPaa 

tical devices (Jens». mtrrors arui so on) c»r be down- 
sired to reduce the manufacturing cost ^d the weight 
of the display apparatus because the panel is adapted . 

to dimensional reduction. 

Any unevenness or fluctuations in the colors and 
the brightness on the display screen due to the uneven- 
ness or fluctuations in the colors and the brightness of 
the light source can be eliminated by inserting a (fly eye 
lens type or rod type) integrator between the light source 
and the optical system. 

The electrodes 12 in the peripheral areas are not 
electrically secured and held in a floating state. When 
the drive voltage of the liquid crystal is 27V, the electric 
potential of the light shielding layer 7 is held to 13.5V, 
or a half of the drive voltage. Thus, it may be held to an 
appropriate electric potential, although it is dependent 
on the drive voltage of the liquid crystal. 

Fig. 10 is a schematic block diagram of the periph- 
eral electric circuits other than the panel. In Fig. 10, 
there are shown a power source unit 85 that comprises 
a power source for lamps and a system power source 
for driving the panel and the signal processing circuits, 
a plug 86, a lamp temperature sensor 87 for detecting 
any abnormal temperature of any of the lamps, a control 
board 88 for deenergizing any lamps showing abnormal 
temperature, and a filter safety switch 89 for deenergiz- 
ing any failed devices other than lamps. For example, 
an attempt for opening the high temperature lamp hous- 
ing box of the apparatus will fail because of the safety 
measure provided to obstruct the attempt. Otherwise, 
there are also shown a speaker 90, an audio-board 91 
that can be provided with a buill-in processor for 3-D 
sound and surround sound effects, an extension board 
92, or extension board 1, comprising input terminals 
connected to an external apparatus 96 for providing sig- 
nals including those for S-terminals, composite pictures 
and voices, selection switches 95 for selecting one or 
more than one appropriate signals and a tuner 94. Sig- 
nals are transmitted from the extension board 1 to ex- 
tension board 2 by way of a decoder 93. The extension 
board 2 comprises Dsub 15 pin terminals connected to 
separate signal sources such as video recorders and/or 
computers and signals applied to it by way of a switch 
100 are converted into digital signals by means of an A/ 
D converter 101. 

Reference numeral 1 03 denotes a main board com- 
prising a memory and a CPU as principal components. 
NTSC signals that have been A/D converted are stored 
in the memory so that missing signals may be generated 
by interpolation in order to allocate them appropriately 
to a large number of pixels and signals may be subjected 
to processing operations suited for a liquid crystal ap- 
paratus including gamma transformation edge empha- 
sis, brightness regulation and bias regulation. Besides 
NTSC signals, computer signals may be subjected to 
processing operations including resolution conversion if 
the panel is a high resolution XGA panel and VGA sig- 
nals are provided. In addition to the operation of 



proc^sing pictare data, the main board t^smates fc^ 
synthetically combining a plurality of picture data NTSC 
signals with computer signals. The output signal of the 
nnain board is subjected to a seriat/paraUel conversion 

5 to take a form that is less affected by noise before it is 
transmitted to a head board 104, where the signal is 
once again subjected to a parallel/serial conversion and 
then to a D/A conversbn and written onto panels 105, 
106 and 107 according to the number of video lines of 

10 the panels by way of an amplifier. Reference numeral 
102 denotes a remote control pane! that allows a com- 
puter display to be manipulated in a simple manner like 
a TV display. 

^5 [Embodiment 2] 

Now. a so-called single panel type full color display 
apparatus comprising a liquid crystal apparatus (panel) 
that is provided with micro lenses will be described. 

20 The applicant of the present patent application pro- 
posed a new display panel in Japanese Patent Applica- 
tion No. 9-72646 to solve the problem that the mosaic 
arrangement of R, G and B pixels is noticeable to the 
viewer to degrade the quality of the image displayed on 

25 the screen of known display panels that are provided 
with micro lenses. The display panel proposed in Japa- 
nese Patent Application No. 9-72646 comprises a pixel 
unit array obtained by arranging a set of pixel units at a 
predetermined pitch, each pixel unit comprising three 

30 pixels of a first color, a second color and a third color, in 
which the first color pixel and the second color pixel are 
arranged in a first direction and the first color pixel and 
the third color pixel are arranged in a second direction 
different from the first direction = so that the two pixels 

3S arranged in the first direction shares the pixel of the first 
color with the two pixels arranged in the second direc- 
tion, and a plurality of micro lenses arranged on the pixel 
unit array on the substrate at a pitch corresponding to 
the pitch of pixel arrangement in the first direction and 
that of pixel arrangement in the second direction. 

Now, a display panel proposed in the above cited 
Japanese Patent Application No. 9-72646 is applied to 
a liquid crystal apparatus and a display apparatus ac- 
cording to the invention. 

45 Figs. 12A through 12C are schematic illustrations 
of the optical system of a projection type liquid crystal 
display apparatus comprising a display panel, showing 
only a principal area thereof. Note that Fig. 1 2A is a plan 
view, Fig. 12B is a front view and Fig. 12C is a side view. 

50 Referring to Figs. 1 2A through 1 2C, the optical sys- 
tem comprises a projection lens 1 for projecting the pixel 
data displayed on display panel (liquid crystal panel) 2 
that comprises a liquid crystal apparatus provided with 
micro lenses onto a predetermined plane, a polarized 

55 beam splitter (PBS) 3 typically designed to transmit S- 
polarized beams and reflect P-polarized beams, an R 
(red light) reflecting dichroic mirror 40. a B/G (blue and 
green light) reflecting dichroic mirror 41 , a B (blue light) 
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reflecting dichrorc mirror 42, a high reflection mirror 43 
for reflecting beams of all colors, a Fresnel lens 50, a 
concave tens (positive lens) 51 , a rod type integrator 6, 
an Hiptic reflector 7 and an arc lamp (light source) 8 
such as a metal hallide or a U HP having its light emitting 
plane Ba located at the center ot the reflector 7. 

The R (red light) reflecting dichroic mirror 40, the B/ 
G (blue and green light) reflecting dichroic mirror 41 , ar>d 
the B (blue light) reflecting dichroic mirror 42 have spec- 
tral reflection characteristics as illustrated in Figs. 13A, 
138 and 13C respectively. The dichroic mirrors are ar- 
ranged three-dimensionally with the high reflection mir- 
ror 43 as shown in Fig. 14 in order to divide the white 
illumination light from the power source 8 Into three pri- 
mary colors of R, G and B and lllluminate the liquid crys- 
tal panel 2 with rays of light of three primary colors three- 
dimensionally from different respective directions as will 
be described In greater detail hereinafter. 

The flux of light from the light source 8 proceeds in 
a manner as described below. Firstly, the while flux of 
light emitted from the lamp 8 is focused to the entrance 
(incident light striking plane) 6a of the integrator 6 by the 
elliptic reflector 7 arranged upstream relative to it and 
then passes through the integrator 6, while being re- 
peatedly reflected in the latter, to obtain a uniform spatial 
intensity distribution. The flux of light coming out of the 
exit 6b of the integrator 6 is then transformed into a par- 
allel flux running along the x-axis (as shown in Fig. 1 2Bj 
by means of the concave lens 51 and the Fresnel lens 
50 before it gets to the B reflecting dtchroic mirror 42. 

Only rays of B light (blue light) are reflected down- 
ward by the B-reflecting dichroic mirror 42 and directed 
toward the R-reflecting dichroic.mirror 40 with a prede- 
termined angle relative to the z-axis (as- shown in Fig. 
12B). Meanwhile, the remaining rays of light of red and 
green (R/G llght)'pass through the B-reflecting dichroic 
mirror 42 and reflected rectangularly by the high reflec- 
tion mirror 43 into the direction of the z-axis and also 
directed toward the R-reflecting dichroic mirror 40. 

Thus, both the B-reflecting dichroic mirror 42 and 
the high reflection mirror 43 are so arranged as to reflect 
the flux of light coming from the Integrator 6 (along the 
x- axis) downwardly along the z-axis. in Fig. 1 2B and the 
high reflection mirror 43 is inclined by 45" from the x-y 
plane around the y-axis, whereas the B-reflecting dich- 
roic mirror 42 Is Inclined by an angle smaller than 45° 
from the x-y plane around the y-axis. 

As a result, while the R/G rays of light reflected by 
the high reflection mirror 43 is directed toward the R- 
reflecting dichroic mirror 40 exactly along the z-axis, the 
B rays of light reflected by the B-reflecting dichroic mir- 
ror 42 is directed downwardly toward the R-reflecting di- 
chroic mirror 40 along a path tilted by a predetermined 
angle relative to the z-axis (a tilt In the x-z plane) in Fig. 
12B. The positional shift and the angular tilt of the B- 
reflecting dichroic mirror 42 from the high reflection mir- 
ror 43 are so determined as to make the rays of light of 
the three colors intersect each other on the liquid crystal 



pan I 2 in order to cause both B light and R/G tight to 
cover a same and identical area on the liquid crystal 
panel 2. 

Then, the rays of R/G/B light directed downward (in 
5 the direction of z-axis) in Fig. 12B move toward the R- 
reflecting dichroic mirror 40 arKithe B/G-reflectinc; dich- 
roic mirror 41 , which mirrors are \ocaXe6 below the B- 
reflecting dichroic mirror 42 and the high reflection mir- 
ror 43. More specifically, the B/G -reflecting dichroic mir- 
10 ror 41 is inclined by 45'' relative to the x-z plane around 

■ the X-axis, whereas the R-reflecting dichroic mirror 40 
is Inclined by an angle smaller than 45° relative to the 
x-z plane around the x-axis. 

Thus, of the incident rays of R/G/B light, only those 
^5 of B/G light are transmitted through the R-reflecting di- 
chroic mirror 40 and reflected rectangularly by the B/G- 
reflecting dichroic mirror 41 into the positive direction of 
the y-axis before they are polahzed by the PBS 3 to il- 
luminate the liquid crystal panel 2 arranged horizontally 
20 on the x-z plane. . ; 

As described above (see Figs. 1 2A and 1 2B), since 
the rays of B light proceed with a predetermined angle 
(the tilt in the x-z plane) relative to the x-axis, they a\so 
maintain a predetermined angle (the tilt in the x-z plane) 
25 relative to the y-axis after being reflected by the B/G- 
reflecting dichroic mirror 41 and illuminate the liquid 
crystal paner2 with an angle of incidence (along the x- 
y plane) equal to that angle. On the other hand,. the rays 
; ^ of G light (s reflected rectangularly by the B/G-reflecting 
30 dichroic mirror 41- into the.positive direction of the y-axis 
' before they are polarized: by the PBS 3 to illuminate the 
liquid.crystal'panel 2 perpendicularly with an angle of 
!• incidence equal to 0^. 

Meanwhile, the rays of R light Is reflected by the R- 
35 reflecting dichroic mirror 40 arranged upstream relative 

■ to the B/G-reflecting dichroic mirror 41 into the positive 
; direction of the y-axis in a manner as described, show- 

ing a predetermined angle relative to the y-axis (the tilt 
. in the y-z plane) as illustrated in Fig. 12C, before they 

40 are polarized by the PBS 3 to illuminate the liquid crystal 
: panel 2 with an angle of incidence (along the y-z plane) 
equal to that angle. 

As described above, the positional shift and the an- 
gular tilt of the B/G-reflecting dichroic mirror 41 from the 

4S R-reflectIng dichroic mirror 40 are so determined as to 
make the rays of light of the three colors of R, G and B 
intersect each other on the liquid crystal panel 2 in order 
to cause both R light and B/G light to cover a same and 
identical area on the liquid crystal panel 2. 

50 As shown in Figs. 13A through 13G, the cut-off 

wavelength of the B/G-reflecting dichroic mirror 41 is 
570nm and that of the R-reflecting dichroic mirror 40 is 
600nm so that the rays of orange light are discarded out 
of the optical path after transmitting through the B/G- 

55 reflecting dichroic mirror 41 to provide an optimal bal- 
ance of colors. 

As will be described hereinafter, the rays of R. G 
and B light are reflection/polarization modulated by the 
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(iquid crystal panel 2 and reflected back to the PBS 3, 
which by turn reflects them into th& positive direction of 
the x-ax^ by means of the PBS surface 3a and causes 
them to strike the projection lens 1 . The projection lens 
1 enlarges the Image displayed on the liquid crystal pan- 
el 2 before it projects the image on the screen (not 
shown). 

Since the rays of R, G and B light strike the liquid 
crystal panel 2 with respective angles of incidence that 
are different from each other, the reflected rays of R, G 
and B light also shows different angles. Therefore, the 
projection lens 1 is required to have a large diameter 
and a large aperture in order to take in all of them without 
missing any portion thereof. It should be noted that any 
angle of inclination of the flux of light striking the projec- 
tion lens 1 is corrected as light of primary colors is col- 
limated after passing through the micro lenses twice to 
maintain the angle of incidence at the liquid crystal panel 
2. 

On the other hand, with a known transmission type 
liquid crystal panel LP illustrated in Fig. 24, the flux of 
light leaving the liquid crystal panel LP is spread out 
partly due to the focusing effect of the micro lens array 
16 so that the projection lens is required to have a large 
numerical aperture and hence a large diameter to ac- 
commodate the spread out flux of light. 

In Fig. 24, reference numeral 16 denotes a micro 
iens array obtained by arranging a numberof micro lens- 
es 1 6a at a predetermined pitch and reference numerals 
13 and 18 respectively denote a liquid crystal layer and 
pixels of the three primary colors of R(red), G(green) 
and B(blue). 

Rays of light of R, G and B are made to illuminate 
the liquid crystal panel LP with respective angles of in- 
cidence that are different from each other so that rays 
of light of different colors are received respectively by 
the pixels 18 of the corresponding colors due to the fo- 
cusing effect of the micro lenses 1 6a. This arrangement 
makes the use of color filters unnecessary and provides 
a display panel that exploits light highly efficiently. Thus, 
a projection type display apparatus provided with such 
a display panel can display clear and bright color images 
if it comprises a single liquid crystal panel. 

However, a known projection type display appara- 
tus comprising a display panel that is provided with a 
micro lens array as described above has a drawback 
that the pixels 1 8 of the three primary colors of R, G and 
B are enlarged and projected on the screen with the im- 
age being displayed there to make the mosaic arrange- 
ment of the R, G and B pixels clearly visible to the viewer 
(as shown in Fig. 25) to degrade the quality of the image 
displayed on the screen. 

Contrary to this, the flux of light coming from the liq- 
uid crystal panel 2 of this example shows only a rela- 
tively limited spread so that a clear and bright image can 
be projected onto the screen by means of a projection 
lens having a relatively small numerical aperture. Such 
a projection lens will naturally show small dimensions 
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and the mosaic arrangement of R. G and B pixels can 
be made by far less visible. 

Now, the liquid crystal pan I 2 of this example will 
be described further. Fig. 15 is an enlarged schematic 
5 sectional view of the liquid crystal panel 2 of this exam- 
ple. 

Referring to Fig. 15, it comprises a rrticro lens sub- 
strate (glass substrate) 1 , micro lenses 22, a sheet glass 
23, a transparent opposite electrode 24, a liquid crystal 
layer 25, pixel electrodes 26, an active matrix drive cir- 
cuit 27 and a silicon semiconductor substrate 28. The 
micro lenses 22 are formed on the surface of the glass 
substrate (alkali type glass) 21 by means of an ion ex- 
change method at a pitch twice as large as that of the 
pixel electrodes 26 to show a two-dimensional array, 
which is referred to as micro lens array. 

The liquid crystal layer 25 is formed by EC8 mode 
nematic liquid crystal such as DAP or HAN that is adapt- 
ed to a reflection type display panel and held to an ori- 
ented state by means of an orientation layer (not 
shown). The pixel electrodes 26 are made of Al (alumi- 
num) and designed to operate also as so many reflec- 
tors as they are subjected to a CMP process after a pat- 
terning operation in order to improve the surface condi- 
tion and their reflectivity. 

The active matrix drive circuit 27 is arranged on the 
silicon substrate 28 and comprises both a horizontal 
driver circuit and a vertical driver circuit. It is designed 
to write video signals of the three primary colors of R, G 
and B respectively on the R. G and B pixel electrodes 
26. White the pixel electrodes 26 do not comprise any 
color filters, they are discriminated as R, G and B pixels 
by the video signals of the primary colors written by the 
active matrix drive circuit 27 so that they form an R, G, 
B pixel array as will be described hereinafter. 

Firstly G light will be described as part of light illu- 
minating the liquid crystal panel 2. As described earlier, 
principal rays of G light are polarized by the PBS 3 be- 
fore they strike the liquid crystal panel 2 perpendicularly 
Note that only a ray of G light striking a micro lens 22a 
is shown in Fig. 15 by arrow G (in/out). 

As shown, rays of G light striking the micro lens 22a 
are focused by the lens 22a and illuminate G pixel elec- 
trode 26g made of Al, which reflects them and drives 
them to pass through the same micro lens 22a and go 
out of the liquid crystal panel 2. As the rays of G light 
reciprocatingly move through the liquid crystal layer 25, 
they are modulated by the action of the liquid crystal 
caused by the electric field that is formed between the 
G pixel electrode 26g and the opposite electrode 24 as 
a signal voltage is applied thereto before the rays return 
to the PBS 3. The quantity of light reflected by the PBS 
surface 3a and directed toward the projection lens 1 var- 
ies depending on the extent of modulation so that an 
image with different densities of light and different gra- 
dations will be displayed by the pixels. 

Rays of R light falling aslant along the y-z plane are 
polarized by the PBS 3 before they strike the micro lens 
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22b as indicated by arrow R (in) in Fig. 15. Then, they 
are focused by th micro lens 22b and illuminate R pixel 
electrode 26r located slightly left relative to the position 
right below the lens 22b, which pixel electrode 26r re- 
flects them and drives them to pass through a neighbor- 
ing micro lens 22a and go out of the liquid crystal panel 
2 (R (out)). 

The (polarized) rays of R light are also modulated 
by the action of the liquid crystal caused by the electric 
field that is formed between the R pixel electrode 26r 
and the opposite pixel electrode 24 as a signal voltage 
is applied thereto before they move out of the liquid crys- 
tal panel 2 and return to the PBS 3. Thereafter, they are 
projected onto the display screen as part of the image 
to be displayed there in a manner as described above 
by referring to the rays of G light. 

While the rays of G light striking the G pixel elec- 
trode 26g and those of R light striking the R pixel elec- 
trode 26r may seem to interfere with each other in Fig. 
15, it is simply because the liquid crystal layer 25 is dis- 
p report iona My enlarged there in terms of its thickness. 
In actual terms, the liquid crystal layer 25 has a thick- 
ness of 5|am at most, which is very small relative to the 
sheet glass 23 having a thickness between 50 and 
1 0Ojim and hence such interference does not take place 
regardless of the size of each pixel. 

Figs. 16A through 16C illustrate how color separa- 
tion and color synthesis are carried out for the purpose 
of the invention. Note that Fig. 16A is a schematic plan 
view showing the upper surface of the liquid crystal pan- 
el 2 and Figs. 16B and 160 are cross sectional views 
taken along line 1 68-1 6B (the x-direction) and along line 
16C-16C (z-direction) respectively. 

It will be appreciated that Fig. 16C corresponds to 
Fig. 1 5 as they are taken along the y-z plane and show 
rays of G and R light entering and leaving the respective 
micro lenses 22. It will also be appreciated that the G 
pixel electrodes are located directly below the corre- 
sponding micro lenses 22 as primary pixel electrodes, 
whereas the R pixel electrodes are located directly be- 
low the respective boundaries of the micro lenses 22 as 
secondary pixel electrodes. Thus, the angle of incidence 
e of R light is preferably so selected that tan 0 is equal 
to the ratio of the pitch of pixel arrangement to the dis- 
tance between the micro lens array 22 and the pixel 
electrode array 26. 

On the other hand, Fig. 1 6B is a cross sectional view 
taken along the x-y plane of the liquid crystal panel. It 
will be seen that the B pixel electrodes that are ternary 
pixels are alternately arranged with the G pixel elec- 
trodes as in the case of Fig. 16C, wherein the G pixel 
electrodes are located directly below the corresponding 
micro lenses 22, whereas the B pixel electrodes are lo- 
cated directly below the respective boundaries of the mi- 
cro lenses 22 as ternary pixels. 

Since rays of B light illuminating the liquid crystal 
panel 2 strike the panel aslant (along the x-y plane) after 
they are polarized by the PBS 3 as described above, 
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those coming from the micro tenses 22 are r fleeted by 
the respective B pixel electrodes and go out respectively 
from the adjacent micro lenses as viewed in the x-direc- 
tlon as shown in Fig. 16B. The mode of modulation of 
5 the liquid crystal layer 25 on the B pixel electrodes and 
the nrwde of projection of B light ot the liquid crystal panel 
2 are same as those described above in terms of G and 
R light. 

The B pixel electrodes are located directly below the 

10 respective boundaries of the micro lenses 22 and, there- 
fore, the angle of incidence e of B light is preferably so 
selected that tan 9 is equal to the ratio of the pitch of 
pixel arrangement (of the G and B pixels) to the distance 
between the micro lens array 22 and the pixel electrode 

15 array 26. 

Thus, in the liquid crystal panel 2 of this example, 
the R, G and 8 pixels are arranged in the order of 
RGRGRG ... along the z-direction (first direction) and in 
the order of BGBGBG... along the z-direction (second 

20 direction). Fig. 16A shows how they appear when 
viewed from above. 

As described above, each ot the pixels have a 
length equal to a half of that of each of the micro lenses 
22 in either direction so that the pixels are arranged at 

2S a pitch equal to a half of the pitch of arrangement of the 
micro lenses 22 along the x- and z-directions. When 
viewed from above, it will be seen that the G pixels are 
located directly below the centers of the respective mi- 
cro lenses 22, whereas the R pixels are located between 

30 the corresponding G pixels along the z-direction and di- 
rectly below the respective boundaries of the microlens- 
es 22 and the B pixels are located between the corre- 
sponding G pixels along the x-direction and directly be- 
low the respective boundaries of the micro lenses 22. 

35 Each micro lens has a rectangular contour whose sides 
are twice as long as the corresponding sides of a pixel. 

Fig. 17 is an enlarged schematic partial plan view 
of the liquid crystal panel 2. The lattice of broken lines 
in Fig. 17 define pixel units of R, G and B pixels for dis- 

40 playing images. 

The pixel units are arranged two-dimensionally at a 
predetermined pitch on the substrate to produce a pixel 
unit array. In other words, when the R, G and B pixels 
are driven by the active matrix drive circuit 27 of Fig. 1 5, 

45 the R, G and B pixels of each pixel unit defined by the 
lattice of broken tines 29 are driven by respective R, G 
and B video signals that correspond to the location of 
the pixel unit. 

Let us take a single pixel unit comprising a R pixel 

50 electrode 26r, a G pixel electrode 26g and a B pixel elec- 
trode 26b here. As indicated by arrow r1, the R pixel 
electrode 26r is illuminated by rays of R light coming 
aslant from the micro lens 22b, which rays of R light are 
then reflected to move out through the micro lens 22a 

55 as indicated by arrow r2. Similarly, the B pixel electrode 
26b is illuminated by rays of B light coming aslant from 
the micro lens 22c as indicated by arrow b1 , which rays 
of B light are then reflected to move out through the mi- 
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cro lens 22a as tnchcBted by s^mr t^ 

On the other hand, the G pHoce^ electrode 269 is illu- 
minated by rays oL G light comirtg perpendtcuiafly from 
the mrcro lens 22a (relative to the Rg. 21) as indicated 
by arrow g12. which rays ot G light are then reflected 
back to move out perpendicularly through the micro lens 
22a. 

Thus, with the liquid crystal panel 2 ot this example, 
while rays of light of the primary colors strike each of the 
pixel units respectively with different angles of inci- 
dence, they leave the pixel unit by way of a same micro 
lens (micro lens 22a in the above described example). 

Fig. 18 is a schematic illustration showing how ail 
the rays of tight coming from the liquid crystal panel 2 
are projected onto the screen 9 by way of the PBS 3 and 
the projection lens 1 . A liquid crystal panel 2 as illustrat- 
ed in Fig. 17 is used here. When the optical system is 
so regulated that an image of the micro lenses 22 and/ 
or a neighboring area in the liquid crystal panel 2 are 
focused and projected on the display screen 9, the rays 
of light emitted from the R, G and B pixels of each pixel 
unit are mixed with each other on the corresponding ar- 
ea of the lattice of the micro lenses 22 to reproduce the 
original colors as shown in Fig. 22. 

In this example, a display panel as shown in Fig. 1 7 
is used and the plane of the micro lenses 22 and/or a 
neighboring area provide a conjugated relationship with 
the display screen so that clear and bright color images 
may be displayed on the screen without showing the 
mosaic arrangement of R, G and B pixels 

Fig. 1 9 is a block diagram of the drive circuit system 
of the projection type liquid ciystal display apparatus of 
this example. 

Referring to Fig. 1 9, there are shown a panel driver 
10 for producing R, G B video signals along with drive 
signals for driving the opposite electrode 24 and various 
timing signals, an interface 12 for decoding video sig- 
nals and control transmission signals into correspond- 
ing standard video signals and so on, a decoder 11 for 
decoding standard video signals from the interface 12 
into primary color signals of R, G and B and synchroniz- 
ing signals, a ballast 14 for driving an arc lamp 8 to emit 
light and a power supply circuit 1 5 for feeding the circuit 
blocks with power. Reference numeral 13 denotes a 
controller comprising an operating section (not shown) 
for controlling the operations of the circuit blocks. 

A projection type liquid crystal display apparatus as 
described above can display clear and bright images 
without showing the mosaic arrangement of R, G and B 
pixels. 

Fig. 21 is an enlarged schematic plan view of a mod- 
ified example of liquid crystal according to the invention. 
In this example, B pixels are arranged directly below the 
centers of the respective micro lenses 22 as primary 
color pixels, whereas G pixels are arranged alternately 
with the B pixels along the lateral direction as secondary 
pixels and R pixels are arranged also alternately with 
the B pixels along the vertical direction as ternary pixels. 



With sixth an arrangement agaan, rays of & Vic/ht btb 
made to perperKJicularly" strike a corresponding pixel 
unit while those of R/G light are made to strike aslant 
the pixel unit (tn different directbns with a same angle 

5 of incidence) so that the reflected rays of light leave the 
pixel unit through a same and common micro tens. Thus, 
the net result will be exactly same as the preceding ex- 
ample. Alternatively, it may be so arranged that R pixels 
are arranged directly below the centers of the respective 

10 micro lenses 22 as primary pixels and the remaining pix- 
els are arranged alternately and respectively along the 
lateral and vertical directions. 

[Embodiment 3] 

15 

This embodiment is obtained by modifying Embod- 
iment 2 as will be described below. 

Fig. 22 is an enlarged schematic cross sectional 
view of the liquid crystal panel 20 of this example, show- 
20 ing a principal area thereof. This liquid crystal panel dif- 
fers from its counterpart Embodiment 2 in that a sheet 
glass 23 is used for the opposite glass substrate and 
micro lenses 220 are formed by laying thermoplastic 
resin on the sheet glass 23 by means of a so-called re- 
25 flow technique. Additionally column spacers 251 are ar- 
ranged in non-pixel areas. The spacers are made of 
photosensitive resin and produced by photolithography 
Fig. 23A is a schematic partial plan view of the liquid 
crystal panel 20. As shown, the column spacers 251 are 
30 arranged in non-pixel areas located at the corners of the 
micro lenses 220 at a predetermined pitch as a function 
of the pixel arrangement. Fig. 23B shows a cross sec- 
tional view taken along a line 233-23B passing through 
a column spacer 251. Column spacers 251 are preter- 
ms ably arranged at a pitch corresponding to 1 0 to 1 00 pix- 
els to show a matrix of spacers. The arrangement of col- 
umn spacers has to meet the requirement of flatness of 
the sheet glass 23 and that of injectability of liquid crys- 
tal, which are contradictory to the provision of spacers. 
40 The apparatus of this example additionally compris- 
es a light shielding layer 221 which is a patterned metal 
film for preventing any leak light from entering the inside 
through the boundary zones of the micro lenses. This 
arrangement can effectively prevent degraded color sat- 
45 uration and contrast of the projected image due to leak 
light. Thus, the apparatus of this example comprising a 
liquid crystal panel according to the invention can dis- 
play clearly defined high quality images. 
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Claims 

1 . A matrix substrate comprising a pixel region formed 
by arranging a plurality of pixel electrodes to a ma- 
55 trix, drive circuit regions for feeding said pixel elec- 
trodes with electric signals and sealing regions, 
characterized in that: 
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the ^ps separating said pixel electrodes are 
filled with insulatbn members of an insulating 
material to provide a continuous surface con- 
necting those of the pixel electrodes and num- 
bers of the material ot said pixel electrodes and s 
those of the material of said insulation mem- 
bers are arranged at least either In said drive 
circuit regions or in said sealing regions to pro- 
vide a continuous surface there. 

10 

2. A matrix substrate according to claim 1 , wherein the 
surface of said pixel electrodes and that of said in- 
sulation members are flush with each other to pro- 
vide a continuous plane surface. 

15 

3. A matrix substrate according to claim 1 , wherein the 
surface ot said members of the material of said in- 
sulation members and that of said members of the 
material of said pixel electrodes are flush with each 
other to provide a continuous plane surface. 20 

4. A matrix substrate according to claim 2, wherein the 
surface of said members of the material of said in- 
sulation members and that of said members of the 
material of said pixel electrodes are flush with each 25 
other to provide a continuous plane surface. 



8. A Wquki crystal apparatus according to claim 7, 
wherein the surface of said pixei electrod s and that 
of said insulation members are flush with each other 
to provide a continuous plane surface. 

9l a liquid crystal apparatus according to claim 7, 
wherein the surface of said members ot the material 
of said insulation members and that of said merrv- 
bers of the material of said pixel electrodes areflttsh 
with each other to provide a continuous plane sur- 
face. 

10. A liquid crystal apparatus according to claim 8, 
wherein the surface of said members of the material 
of said insulation members and that of said mem- 
bers of the material of said pixel electrodes are flush 
with each other to provide a continuous plane sur- 
face. 

11. A liquid crystal apparatus according to any of claims 
7 through 1 0, wherein the surface of said pixel elec- 
trodes, that of said insulation members, that of said 
members of the material of said pixel electrodes 
and that of said members of the material of said in- 
sulation members are polished by chemical me- 
chanical polishing. 



5. A matrix substrate according to any of claims 1 
through 4, wherein the surface of said pixel elec- 
trodes, that of said insulation members, that of said 30 
members of the material of said pixel electrodes 
and that of said members of the material of said in- 
sulation members are polished by chemical me- 
chanical polishing. 

35 

6. A matrix substrate according to claim 1 , wherein a 
light shielding layer is arranged below said pixel 
electrodes. 

7. A liquid crystal apparatus comprising a matrix sub- 40 
strate including a pixel region formed by arranging 

a plurality of pixel electrodes to a matrix, drive circuit 
regions for feeding said pixel electrodes with elec- 
tric signals and sealing regions, an opposite sub- 
strate disposed vis-a-vis said pixel region and a liq- 45 
uid crystal material held between said pixel region 
and said opposite substrate, characterized in that: 

the gaps separating said pixel electrodes are 
filled with insulation members of an insulating ^0 
material to provide a continuous surface con- 
necting those of the pixel electrodes and mem- 
bers of the material of said pixel electrodes and 
those of the material of said insulation mem- 
bers are arranged at least either in said drive ss 
circuit regions or in said sealing regions to pro- 
vide a continuous surface there. 



12. A liquid crystal apparatus according to claim 7, 
wherein a light shielding layer is arranged below 
said pixel electrodes. 

13. A display apparatus characterized by comprising a 
liquid crystal apparatus according to claim 7. 

14. A display apparatus according to claim 1 3, wherein 
a reflection type liquid crystal panel is used for the 
liquid crystal apparatus so that light emitted from a 
light source is made to irradiate the liquid crystal 
panel and reflected light is made to irradiate the 
screen by way of an optical system. 

15. Adisplay apparatus according to claim 14, wherein 
the reflection type liquid crystal panel comprises a 
pixel unit array formed on a substrate by arranging 
two-dimensionally with a predetermined pitch pixel 
pairs, each comprising a pixel of the first color and 
that of the second color selected out of the pixels of 
the first, second and third colors in a first direction 
and pixel pairs, each comprising a pixel of the first 
color and that of the third color, in a second direction 
different from said first direction in such a way that 
each pixel of the first color is shared by a pixel pair 
of the first and second colors and a pixel pair of the 
first and third colors and a micro lens array formed 
by arranging micro tenses two-dimensionally in said 
first and second directions at a pitch equal to two 
pixels on said pixel unit array 
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16. A method of manuiactumg a matrix sirt3Stiate com- 
prising pixel region fomnedby arrangtnga pKirality 
ot pixel etecUodes to a matrix, cirive circuit regions 
for feeding said pixel electrodes with electric signals 
and sealing regions, characterized by comprising 
steps of: 

forming a semiconductor device region to be 
connected with said pixel electrodes and said 
drive circuit regions on a substrate for forming 
a matrix substrate and subsequently torming an 
insulation layer on said semiconductor device 
region, said drive circuit regions and said re- 
gions for forming sealing regions; 
producing by patterning grooves for forming 
pixel electrodes in said insulation layer on said 
pixel region and those to be filled with the ma- 
terial ot said pixel electrodes at teast either in 
said insulation layer on said drive circuit re- 
gions or on said sealing regions; 
depositing the material of said pixel electrodes 
in said grooves of two different types;- and 
polishing the surface of the deposit of said ma- 
terial of said pixel electrodes until said insula- 
tion layer and the material of said pixel elec- 
trode provide a continuous plane surface. 

17. A method of manufacturing a matrix substrate ac- 
cording to claim 16, wherein said polishing step in- 
volves chemical mechanical polishing. 

18. A method of manufacturing a matrix substrate ac- 
cording to claim 16, wherein said operation of pat- 
terning the insulation layer includes an etching op- 
eration using CF4/CHF3 gas. 

19. A method of manufacturing a matrix substrate ac- 
cording to claim 18= wherein said etching operation 
is conducted under pressure below 1.0 Torr 

20. A method of manufacturing a liquid crystal appara- 
tus comprising a matrix substrate including a pixel 
region formed by arranging a plurality of pixel elec- 
trodes to a matrix, drive circuit regions for feeding 
said pixel electrodes with electric signals and seal- 
ing regions, an opposite substrate disposed vis-a- 
vis said pixel region and a liquid crystal material 
held between said pixel region and said opposite 
substrate, characterized by comprising steps; 

forming a semiconductor device region to be 
connected with said pixel electrodes and said 
drive circuit regions on a substrate for forming 
a matrix substrate and subsequently forming an 
insulation layer on said semiconductor device 
region, said drive circuit regions and said re- 
gions for forming sealing regions; 
producing by patterning grooves for forming 



34 

pbf e» etectrodes in said irrsulalion layer on said 
pix I r gion and tiTOse to be filled wrth the ma- 
terial of said pbcel electrodes at least either in 
said insulation layer on said drive circuit re- 
5 gions or on said sealing regions; 

depositing the material of said pixel electrodes 
in said grooves of two different types; and 
polishing the surface of the deposit ot said ma- 
terial of said pixel electrodes until said insula- 
10 tion layer and the material of said pixel elec- 

trode provide a continuous plane surface. 

21. A method of manufacturing a liquid crystal appara- 
tus according to claim 20, wherein said polishing 

^5 step involves chemical mechanical polishing. 

22. A method of manufacturing a liquid crystal appara- 
tus according to claim 20, wherein said operation of 
patterning the insulation layer includes an etching 

^0 operation using CF4/CHF3 gas. 

23. A method of manufacturing a liquid crystal appara- 
tus according to claim 20, wherein said etching op- 
eration is conducted under pressure below 1 .0 Torr 
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